The simplest definition of low-tension glaucoma is a condition in which occur changes in the visual field typical of glaucoma, with pathological cupping of the disc but with a normal ocular tension. This definition immediately leads to the question of what is a normal tension.
Section of Ophthalmology
President-J. R. WHEELER, F.R.C.S.
DISCUSSION ON LOW-TENSION GLAUCOMA
Mr. E. S. Perkins (London):
The simplest definition of low-tension glaucoma is a condition in which occur changes in the visual field typical of glaucoma, with pathological cupping of the disc but with a normal ocular tension. This definition immediately leads to the question of what is a normal tension.
The purely instrumental errors of the Schiotz type of tonometer may be considerable, and when such factors as variations in corneal thickness, corneal radius and scleral rigidity are added it is clear that the possible errors are great. Unfortunately it has usually been the habit of ophthalmologists to convert the scale reading of the tonometer into mm.Hg by using a calibration chart, and this calibration has been changed several times over the last ten years. It is particularly difficult therefore to compare values quoted in the older literature with the values we obtain to-day, even ignoring the fact that the tonometers used were not standardized. I have long felt that we should insist on all readings being recorded as scale divisions with the weight used. Once the tonometer has been standardized the scale readings should always be the same and the very complex problem of the relation between scale reading and initial intraocular pressure can be left to be disputed by those so inclined. From the practical point of view a record of the weight and scale reading will always enable valid comparisons to be made on the same eye regardless of changes in the calibration scales.
The reported series of Schiotz readings on normal eyes show wide ranges of tension. Muller (1931) considered the normal range to be from 12 to 35 mm.Hg, and Jackson (1955) found a range of 10 to 40 mm.Hg. These ranges seem remarkably wide for biological variations in a physiological value and I suspect that the normal intra-ocular pressure has a much narrower range under resting conditions. The wider range obtained by tonometry almost certainly reflects the numerous errors involved in this method.
The mean values obtained by aplanation tonometry tend to be lower and the range of values smaller. Goldmann (1954) found the mean pressure to be 15 7 mm.Hg with a standard deviation of 2-9 mm.Hg. This means that 95% of the normal values fell between 9 9 and 23 5 JUNE mm.Hg. Weekers et al. (1959) , also using the aplanation tonometer ofGoldmann, found a mean value of 16-3 mm.Hg with a standard deviation of 2-5 mm.Hg. Using a standard Schiotz tonometer and the 1955 calibration scale he found a mean value of 17 07 mm.Hg with extreme values of 10 and 24 mm.Hg. Maurice (1958) using a very accurate recording tonometer has found the mean normal resting pressure to be 19 mm.Hg with extreme values of 15 and 26 mm.Hg.
Recently Becker (1958) has suggested that a scale reading of 4 or less with the 5 5 gram weight is probably higher than normal. This represents a pressure of 20 5 mm.Hg on the 1957 scale.
We clearly cannot be too dogmatic in deciding what is a normal pressure from tonometric readings, but for the purpose of an analysis into the incidence of low-tension glaucoma I havechosen a figure of 28 mm.Hg on the 1955 scale (i.e. a scale reading of 2 25/5 5 grams weight) as the upper limit of normal. Using this criterion only 58 cases (103 eyes) of low-tension glaucoma were diagnosed out of 1,700 patients referred to the Glaucoma Clinic at the Institute of Ophthalmology. This is 3-4% of the total, and corresponds fairly well with other published figures for the incidence of low-tension glaucoma. Hofe (1929) found 4 cases (1 -78 %) out of 223 cases of glaucoma, Nordmann and Gerhard (1957) found 8 (433%) out of 185 cases, and Blazar and Scheie (1950) 4 (2 6%) out of 150. These authors were able to show (by provocative tests, &c.) that some of the cases were really cases of chronic simple glaucoma so that the incidence of low-tension glaucoma is certainly not more than 2 or 3 % of all glaucoma cases.
Mr. Winstanley will give more details of the 53 cases from the Institute, but some general remarks about this group may be of interest here. Most of them were in the 60-70 age group and there were twice as many female as male patients.
One of the most interesting findings is the distribution of refractive errors. Of the 103 eyes 36% were myopic (9 7% more than -4-00 D), 34% emmetropic and 30% hypermetropic. The preponderance of myopic eyes is of particular interest as such eyes tend to have a larger radius of curvature of the cornea and a lower scleral rigidity than emmetropic eyes and both these Sectional page 13
Meeting March 12, 1959 Proceedings of the Royal Society of Medicine factors tend to give falsely low tonometric readings. This was borne out by the tension readings-the mean tension was highest (22-2 mm.Hg, scale reading 3-5/5 5 grams weight) in the hypermetropic eyes, and became progressively lower through the emmetropes and low myopes to the high myopes in which the mean tension was 18-9 mm.Hg (scale reading 4 5/5-5 grams weight). Von Graefe (1857) was the first authority to describe "amaurosis with cupping of the optic disc" without increased intra-ocular pressure, although he was later persuaded that these cases were probably true glaucoma but that the rise in intra-ocular pressure was intermittent or difficult to demonstrate. Since this time many papers have appeared and several theories have been advanced to explain these cases.
I shall not give a full review of the literature but shall briefly describe some of these theories. First of all optic atrophy and field changes similar to glaucoma may follow space-occupying lesions in the pituitary region. Cases of intracranial tumour simulating low tension glaucoma have been reported by Dalsgaard-Nielsen (1937) and Blazar and Scheie (1950), and Forni (1951) reported a case of Paget's disease with similar ocular findings. De Wecker (1896) very pertinently remarks that optic atrophy in a patient with marked physiological cupping of the disc will inevitably give an appearance of glaucomatous cupping.
Congenital holes at the optic disc may also be associated with field defects and the disc appearance may give rise to suspicion of glaucoma. Neame (1947) reported 10 cases, 4 of which had field defects; Smith (1953) also described a case with a quadrantic field defect. I reported a case in 1955 (Perkins, 1955) in which a well-marked cup was associated with a ring scotoma and some peripheral constriction of the fields. Undoubtedly a few cases of apparent lowtension glaucoma will fall into the category of congenital lesions of the optic nerve, but the progressive field defects of many of the cases seen demand some other explanation.
Schnabel in 1885 introduced the concept that the cupping of the disc in glaucoma was not due to the increased tension but to a particular type of atrophy which bears his name. Unfortunately such a diagnosis can only be confirmed histologically and as Wolff (1947) pointed out, Schnabel's cavernous atrophy is only an expression of the effect on the optic nerve of a progressive diminution in the blood supply, which may be due to many causes. He suggested, however, that the formation of cavities in the region of the lamina cribrosa may help to weaken it so that it gives way under the normal intra-ocular pressure, thus producing cupping in the absence of raised pressure.
Knapp in 1932 described 10 cases with optic atrophy and cupping but with normal or only slightly increased ocular tension, in which calcification of the internal carotid arteries was seen on X-ray examination. He suggested that the atrophy followed compression of the optic nerve by the calcified vessels. McLean and Ray (1947) reported such a case in which calcification of the carotids and flattening of the optic nerves was found at operation.
However, Knapp later (1940) published a follow-up report on his original cases from which it appears that some of the patients developed a definitely raised tension although in others the tension remained normal in spite of an increasing field loss. He also found that 50% of people over the age of 60 had some degree of calcification of the carotids and suggested that an arteriosclerosis of the nutrient vessels of the optic nerve was an additional factor. Other authors (Berkson, 1951; Blazar and Scheie, 1950;  Nordmann and Gerhard, 1957) have also described cases with calcification of the carotids, but it seems more likely that the calcification is only evidence of vascular sclerosis (Etzikson, 1952) and not usually the direct causative factor.
Sclerosis of the vessels supplying the optic nerve as a cause for low-tension glaucoma has had many champions (Meyer, 1950; Werner and Macdougald, 1951; Etziksor, 1952; Vail, 1953; Comberg, 1954; Rougier, 1954 ; and many others). Lyle recently (1957) addressed this Society on arteriosclerotic optic atrophy, which he said should replace such terms as pseudoglaucoma, soft-and low-tension glaucoma. The visual loss in this condition may be accompanied by mental and other cerebral changes.
The vascular changes start in the chiasm and optic nerves causing a degeneration which gradually extends in both directions in a type of cavernous atrophy. The field defect is often an altitudinal hemianopia. He considers that the cupping of the optic disc is probably the result of (1) atrophy and shrinking of axons, (2) compensatory and pathological attenuation of blood vessels, (3) recession of weakened lamina from the normal intra-ocular pressure. Lyle therefore looks upon this condition as quite distinct from glaucoma, although of course admitting that glaucoma should be considered in the differential diagnosis. Sjogren (1946) on the basis of a critical survey of the literature and his own observations came to the opposite conclusion that glaucoma simplex and glaucoma without hypertension are one and the same disease, and that the latter should be considered as a symptom, localized in the eye 14 430 and optic nerve, of a circulatory disturbance of the same kind as that which, when localized in the brain, produces cerebral atrophy. The latter assertion is based on the finding of cerebral atrophy by encephalography in 4 cases.
The main evidence that Sjogren puts forward in support of his thesis that low-tension glaucoma or pseudoglaucoma is the same disease as glaucoma can be summarized as follows:
(1) Pseudoglaucoma may develop into glaucoma simplex and vice versa. (2) Pseudoglaucoma can exist in one eye while the other suffers from glaucoma. (3) Pseudoglaucoma can occasionally display an increased intra-ocular pressure, or a rise of pressure after provocation. (4) After operation glaucoma can progress as a pseudoglaucoma. In other words all combinations with and transitions to glaucoma may occur, and it is therefore absurd to draw a dividing line at say 30 mm.Hg, thereby creating two separate diseases-glaucoma and pseudoglaucoma. This is a very attractive hypothesis and similar views have been put forward by many other authors (e.g. Weekers, 1942 Weekers, , 1943 . It implies that a single pathological process may cause on the one hand a raised intra-ocular pressure with secondary effects on the optic nerve, or optic atrophy and cupping without a raised tension, or a combination of both processes, depending on which particular anatomical site suffers most severely.
If we accept this hypothesis then certain logical deductions follow. First the treatment of low-tension glaucoma by reduction of the intraocular pressure either by surgical or medical means should have little effect on the progress of the disease. It is apparent from the literature that many cases continue to progress in spite of a lowering of intra-ocular pressure by effective surgery, and the general impression is that hypotensive treatment is unsatisfactory. If true this does not necessarily prove Sj6gren's point but only shows that the cupping and atrophy in these cases is not secondary to a raised intraocular pressure.
If, however, in simple glaucoma the degenerative process is causing both the raised tension and the optic atrophy, hypotensive treatment will not affect the process in the optic nerve and the field defects should progress in spite of the reduction of intra-ocular pressure. Even if it is postulated that the raised pressure is an additional embarrassment to the circulation at the disc, further progression of the field changes would be expected although at a slower rate. It is hard to believe that the widely accepted hypotensive treatment of glaucoma does not influence the progress of the field changes in the majority of cases, otherwise such forms of treatment would have been discarded long ago. There have not, however, been many critical analyses of the long-term results of such therapy.
The question was discussed recently at the XVIII International Congress of Ophthalmology in Brussels, and Weekers (1958) reported the results of an investigation into the relationship between ocular hypertension and the perimetric changes in open angle glaucoma. He concluded that the field changes are nearly always arrested when the ocular tension is kept below 17 mm.Hg, but that there is a considerable variation in the individual sensitivity of glaucomatous eyes to dysregulation of ocular tension, possibly resulting from individual variations in the anatomy of the circulatory network at the head of the optic nerve. In the same symposium I presented some data on the progress of field changes in patients with open angle glaucoma whose tension had been controlled below 28 mm.Hg by medical or surgical means. The series comprised 43 eyes with a mean follow-up period of 2-34 years, and of these 5 (i.e. 11 6% of the eyes) showed some deterioration in the visual field over this period. The vast majority, however, showed no deterioration over this admittedly rather short observation period.
It seems therefore that in most patients with open angle glaucoma the field defects are clearly related to the raised pressure, although in a small number the changes may progress in spite of a normal pressure. If therefore Sjogren's hypothesis is correct that simple glaucoma and pseudoglaucoma are one and the same disease we must postulate that the vascular changes responsible for the raised tension are found very much more commonly than those occurring in the optic nerve. It may of course be argued that the pathological changes in the optic nerve are not enough in themselves to cause functional defects and that the latter only become manifest when the tension is raised. Harrington (1958) has investigated the relation between the visual field defects in open angle glaucoma and the rate of blood flow in the optic nerve and considers that those patients with glaucoma who exhibit the most extensive and rapid field loss are the ones with generalized arteriosclerosis, low systemic and retinal arterial blood pressure. Conversely, a relatively slow rate of visual field loss can sometimes be predicted in an individual with increased intra-ocular pressure if the systemic andespecially the retinal blood pressure is elevated and there are minimal arteriosclerotic changes in the retinal arterioles. Such a correlation is exemplified by the rapidly progressive field loss occurring in cases of glaucoma in which the intra-ocular 15 431 432 Proceedings of the Royal Society of Medicine 16 pressure is static or even well controlled by miotics but in whom the systemic blood pressure is reduced by administration of one of the derivatives ofRauwolfiaserpentina. Bailliart (1933) has also emphasized the importance of the retinal arterial pressure. In this connection it would be most interesting to know whether patients with carotid occlusion on one side and with a low retinal pressure ever develop field changes in the presence of a normal intra-ocular pressure.
The participation of cerebral atrophy in glaucoma as suggested by Sj6gren seems to me to require considerably more evidence before it can be accepted. It must be demonstrated that such changes occur in a higher proportion of patients with glaucoma than in those with degenerative vascular disease without glaucoma, before the point is proved.
There is one vascular condition leading to obliteration of the branches of the ophthalmic artery which might be expected to produce the signs and symptoms of pseudoglaucoma, and that is temporal arteritis. As far as I know, however, temporal arteritis does not produce this picture.
Finally I should like to discuss the concept that low-tension glaucoma is only an early stage in open angle glaucoma or differs from ordinary glaucoma only by virtue of the fact that the eye concerned has a tension which, although lying in the range of normal tensions, is actually raised for that particular eye. There are two possibilities here; either the tension as measured by the tonometer does not reflect accurately the intraocular pressure because the eye concerned has an abnormal scleral rigidity or some other condition leading to an underestimation of the pressure, or the pressure is in fact within the normal range for most eyes but is really elevated from a previous level in the low normal range. If, for example, we find a tension of 22 mm.Hg, is it possible that the true normal pressure for this eye is only 12 mm.Hg? If so, this eye may have a pathologically raised pressure although the actual value is within the normal range.
Following the work of Leydhecker (1956) , Becker (Becker and Christensen, 1956; Hildreth and Becker, 1957) has suggested that the most reliable guide to the diagnosis of early open angle glaucoma is a combination of the ocular tension and the outflow resistance as measured by tonography. In a comparison of a large series of glaucoma cases and normals he found that the ratio of tension divided by the coefficient of outflow (PO/C) was 100 or more in 71 % of the glaucomatous eyes and only 2% of the normal eyes. The proportion of glaucomatous eyes with a PO/C of 100 or more rose to 97 % after the ingestion of 1 litre of water whereas only 1 % of the normal controls reached this level.
The validity of these results will have to be confirmed by other workers before they receive general acceptance but it is clearly logical to relate the tension and outflow resistance by some such method. What such a ratio implies is that for any normal intra-ocular pressure there is a corresponding value for the resistance to outflow; for example an eye with an intra-ocular pressure of 20 mm.Hg should have a coefficient of outflow greater than 0-20. Conversely if an eye with a coefficient of outflow of 0-20 has an intra-ocular pressure of more than 20 mm.Hg that pressure is abnormally high for that eye. Clearly the inaccuracies of tonometry and tonography are such that in individual cases the PO/C ratio should not be applied too strictly, but in considering groups of patients it probably allows a broad division into normal and abnormal groups.
I should like to end by posing four questions which I think summarize the main theories and which may act as a starting point for discussion:
(1) How many (if any) cases of low-tension glaucoma are due to congenital lesions of the disc or pressure on the optic nerve from spaceoccupying lesions or calcified carotid arteries?
(2) Is low-tension glaucoma a distinct entity unrelated to open angle glaucoma, e.g. an arteriosclerotic optic atrophy? Or (3) Is it one extreme of a syndrome in which some vascular disease may cause a raised intraocular pressure or optic atrophy, or the two combined, depending on the anatomical site of the lesions? Or (4) Is it the same disease as open angle glaucoma, either in an early stage, or occurring in an eye with a naturally low intra-ocular pressure ? As Mr. Perkins has said, the object of our studies has been an attempt to establish whether, after fuller investigation, the clinical diagnosis of low-tension glaucoma could be upheld in the cases classified as such at the Glaucoma Clinic of the Institute of Ophthalmology.
As there has never been any wide agreement as to the criteria for the diagnosis of low-tension glaucoma, it was not surprising, in reviewing these cases, to find that different observers used a variety of standards by which to classify their cases. It was therefore agreed to exclude from the main group, described by Mr. Perkins, all those patients whose maximum tension at their initial examination exceeded 28 mm.Hg.
When this had been done there remained 20 patients (39 eyes) whom it was possible to study fully.
The criteria then, by which these 20 patients were selected, were that one eye at least must show:
(1) Pathological cupping of the optic disc.
(2) A visual field defect.
(3) A maximum ocular tension, not exceeding 28 mm.Hg. In 6 of the 20 patients these findings were unilateral, the other eye being normal.
The investigations which have been carried out in this study are:
(1) Field studies by perimetry and scotometry.
(2) Tonometry by aplanation and indentation.
(3) Tonography before and after water drinking. (4) Provocative tests by water drinking and dark-room, and in some cases by subconjunctival Priscol. (5) Gonioscopy.
(6) Ophthalmo-dynamometry. (7) Radiography of skull. I propose to discuss these findings seriatim. Of the 20 patients 5 were male, 15 were female. The average age of the males was 68, females 65. The average time interval between the initial examination at the Glaucoma Clinic and this study, i.e. the duration of the follow up, is fifteen months.
With regard to the refractive state of the 39 eyes: 15 (38%) were emmetropic. 13 (33 %) were hypermetropic. 11 (29 %) were myopic (4 greater than 5 dioptres). Visual field studies.-14 of the eyes showed an arcuate scotoma only, which remained stationary during the period under review. 13 showed a scotoma which had broken through to the periphery, but which remained stationary during the period under review. 6 showed progressive field loss, and 6 were normal at the initial examination and remained so.
Optic discs.-There was nothing remarkable about the appearance of the optic discs, nor of the type of cupping. It is perhaps worth mentioning that 6 of the eyes showed a marked degree of inferior conus.
Tonometry.-It had been expected that with the advent of the Goldmann aplanation tonometer a series of pressure readings would be obtained which would be considerably higher than those obtained by Schidtz indentation, and this expected difference was to be attributed to the scleral rigidity factor-a factor which may cause an abnormally low reading on Schiotz tonometry in cases where the scleral rigidity is low owing to scleral thinning or other factors. Some observers have reported that an abnormally low scleral rigidity probably accounts for many cases of apparent low-tension glaucoma. Such has not been the case, however, in the series under review. Fig. 1 shows diagrammatically the distribution of readings of the resting tension by the aplanation and indentation methods. It will be seen that while the aplanation method gives consistently higher readings, the difference is not great, only of the order of 1 mm.Hg on the average. Fig. 1 also shows that the mean tension lies well within normal limits and in fact on the low side of the normal range. Similarly Fig. 2 readings, and it will be seen that they are scattered fairly evenly about a peak which coincides with the normal range; such asymmetry as is present favours a higher rather than a lower scleral rigidity than normal. It does not seem, therefore, that in this series a low scleral rigidity can account for the low-tension readings.
Tonography. -Fig. 3 illustrates the distribution of readings for facility of outflow in the eyes under review-this shows nothing very remarkable except that the peak is probably below the mean of the normal range.
The main interest here has been the application of Becker's observations, with regard to tonography in borderline cases of chronic simple glaucoma. Becker has pointed out that the water drinking provocative test is positive in only 30% of cases of established chronic simple glaucoma. He has also shown that there is a wide overlap in the distribution of facility of outflow in cases of chronic simple glaucoma (CSG) and normal eyes as Fig. 4 shows.
Either of these criteria by themselves, i.e. the facility of outflow or water drinking provocation, may therefore be misleading in the assessment of glaucoma suspects. Becker went on to show that an additional effect of water drinking on eyes with established chronic simple glaucoma was a transient reduction in the facility of outflow as measured by tonography (see Fig. 5 ) and further that this response to water drinking occurred in the great majority (82%) of eyes known to have chronic simple glaucoma.
Becker then sought a method of analysis which would tend to separate the glaucomatous from (Table I)   TABLE I. Ratio P,/C where-PO=Initial tension at start of tonography C = Facility of outflow. Resting ratio P IC 100 in 71% cases CSG Provoked ratio PO/C > 100 in 97% cases CSG (After Becker) where PO represents the ocular tension as measured at the commencement of tonography and C the facility of outflow. It was found that if this simple ratio was worked out in a series of glaucomatous and normal subjects the ratio PO/C was greater than 100 in 71 % of the cases of glaucoma. Further, if this ratio was calculated from the results of tonography immediately following water drinking (which it will be recalled may not only raise the factor PO but may also diminish the factor C) then the ratio PO/C is found to be greater than 100 in 97% glaucomatous subjects but in only 1 % of normals.
We therefore thought that it would be illuminating to carry out tonography along these lines in this series of patients and we have called the ratio PO/C the provoked ratio after water drinking, as opposed to the resting ratio when measured without provocation.
In this series of 39 eyes we found the resting ratio PO/C greater than 100 in 19 eyes, and the provoked ratio greater than 100 in a further 3, and therefore, if we accept Becker's findings, 56 % of these eyes are in fact glaucomatous, a conclusion which one would certainly not have reached by a consideration of either the figures for facility of outflow or ocular tension alone. Provocative tests.-Dark-room: In one patient of the series (both eyes), in spite of being found to have open angles of medium width on gonioscopy, the ocular tension rose 8 and 11 mm.Hg respectively, and so he has been classified as a subacute close angle glaucoma.
Water drinking: One patient had a rise of 10 mm.Hg in both eyes half an hour after water drinking and has therefore been classified as glaucomatous.
Priscol provocation: This test was carried out on patients whose response had been negative to other provocative tests and in one patient (both eyes) the response was positive.
Ophthalmodynamometry was carried out on those patients in whom the diagnosis of lowtension glaucoma seemed the most tenable. It was felt that this investigation would reveal any abnormality in the arterial pressure of the carotid system which might be expected to be 26 present in a state of relative glaucoma due to a low ophthalmic-arteriolar pressure. This investigation, however, revealed no such abnormalities.
Radiography of skull.-This investigation was carried out in order to reveal any evidence of calcification of carotid arteries, or of those of the base of the brain, and to exclude any bony changes in the region of the pituitary fossa. In no case, however, were these changes found.
The findings are summarized in Table II . The 6 normal eyes occurred in patients whose abnormality was unilateral and it is interesting to note that in these eyes the PO/C factor was less than 100 in all except one, and it will be especially worth following up this case in order to see whether this eye is the first of the group to show definite signs of glaucoma.
Only 4 eyes remained in which the diagnosis of low-tension glaucoma seemed to be tenable, and of these one was an only eye, 2 were paired and the fellow of the last eye was normal. There appeared to be nothing remarkable about any of these patients, nor any common factor shar-ed by them all.
It remains to be seen whether it is justifiable to accept the following criteria for the diagnosis of chronic simple glaucoma:
(1) Pathological cupping of the disc.
(2) Visual field defect.
(3) A provoked PO/C ratio greater than 100. If this proves to be correct, and only prolonged follow up will provide the answer, then in only a few cases will it be justifiable to separate low tension glaucoma from chronic simple glaucoma.
Finally, I should like to acknowledge the technical help of Miss Kent-Norris of the Institute of Ophthalmology.
Mr. J. Primrose pointed out that cupping was delayed for many years in some eyes in spite of a raised tension. On the other hand he quoted a case of Mikulicz's syndrome which in 1935 developed cupping with a normal tension; the progressive field loss was controlled following a trephine operation in 1944 which produced a low tension (8 mm.Hg Schi6tz).
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Proceedings of the Royal Society of Medicine Mr. 0. Gayer Morgan considered that the typical clinical picture of cavernous atrophy was that of a person who is noted to have a deep physiological cup at the age of 30, and at subsequent examinations over the next two or three decades it is found that the cupping slowly increases until they may have very deep cupping at the age of 60. In spite of this no field loss can be found and it is not until even later than this that a Bjerrum scotoma slowly develops. The typical appearance is that of a generalized very excavated cupping-never localized as in chronic simple glaucoma.
Mr. F. W. Law remarked that such cases tended to show a rise in tension when the field changes developed. He also quoted a case of a woman whose tension was regularly found to be 40 mm.Hg Schi6tz but who only developed field changes after twenty years.
Mr. E. F. King asked whether any of the cases in the series described had a familial incidence.
Mr. S. J. H. Miller asked whether the degree of hmmodilution following the water drinking test had been measured as it had been shown that a positive test only occurred if hoemodilution took place. He also asked if there was any tendency for the tension to increase with age.
Mr. H. Lytton pointed out that when the pressure in the eye became raised, as during tonography, the formation of aqueous humour might be diminished. This would upset the tonographic calculations.
Mr. R. C. Davenport was particularly interested to hear of the high proportion of cases with myopia and asked whether in the cases in this series the loss of field had been restricted to the central area.
Mr. F. A. Williamson-Noble asked whether the diameter of the cornea had been measured, as he had found that some of this type of case had a small corneal diameter.
The President asked how the ocular rigidity was measured.
In reply Mr. Perkins said that the cases described by Mr. Primrose and Mr. Law showed that there was a wide difference in the ability of individual optic discs to withstand a raised tension and that in some cases, due to other factors, the disc was unable to withstand a normal tension. He was most interested in Mr. Gayer Morgan's description of cases and suggested that perhaps these fell into the category of optic atrophy occurring in a patient with physiological cupping.
In reply to Mr. King, no familial incidence was noted in these cases but it had been described in the literature.
In reply to Mr. Miller, the degree of haemodilution had not been measured but he agreed that this was desirable and might have accounted for the failure to provoke some of the cases. As regards the relation of tension to age, Becker (1958) had recently shown that although the mean tension of people in older age groups did not differ significantly from those in younger age groups there was a wider range of readings in the older age groups.
Mr. Lytton's point was a very important one and received support from some recent experimental work (Langham, 1958) . One of the fundamental assumptions in tonography was that aqueous formation was unaffected by the application of the tonometer. If this was incorrect it would invalidate much of the tonographic work.
In reply to Mr. Davenport, it had not been noticed that the field loss in these cases tended to be confined to the central area.
In reply to Mr. Williamson-Noble, the corneal diameters had not been measured. The scleral rigidity was calculated from the aplanation and Schi6tz readings on the same eye.
Summarizing the discussion, Mr. Perkins said that it was clear that cases of true low-tension glaucoma were rare and the diagnosis should only be accepted after a rigorous investigation to exclude early simple glaucoma. Even then such cases should be followed up for long periods as a manifestly raised tension may develop later. The ratio of PO/C after water drinking may be of considerable help in the diagnosis.
When early chronic simple glaucoma cases were excluded there did remain a small group of cases whose cause was obscure. Congenital malformations of the disc and space-occupying lesions might account for occasional cases. Calcification of the carotids had not been found in any of the cases seen at the Institute and it seemed unlikely that this was a cause except in very rare cases. Arteriosclerotic optic atrophy remained as a possible entity although considering the number of people with advanced arteriosclerosis it was surprising that optic atrophy from this cause was not seen more often. 436 20
